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(54) SOLID POLYELECTROLYTE FUEL CELL 

(57)Abstract: 

PURPOSE: To eliminate the possibility of voltage outputs being abruptly decreased so as to 
enhance the output performance of a fuel cell when the fuel cell is formed by junction of an ion 
exchange film serving as electrolyte and gas diffusion electrodes each having at least a catalyst 
layer by impregnating the catalyst layer with a proton conductive material, and specifying the 
percentage of voids in the catalytic layer after the junction. 

CONSTITUTION: An ion exchange film for use as electrolyte contains a fluorine- containing polymer 
that serves as its skeleton, containing at least one kind of group selected from a sulfonate group, a 
carboxyl group, a phosphate group and a phosphate group. Gas diffusion electrodes are each 
provided with a porous catalyst layer having a conductive material as an essential constituent with at 
least catalytic metal particles supported thereto, and a water repelling agent and a binding agent are 
contained therein when necessary. Any catalytic metal that works in hydrogen oxidation and oxygen 
reduction, such as lead, iron and manganese is usable and a proton conductive material is contained 
in the metal and the percentage of voids formed in the catalyst layer after junction is 65 to 90. Thus a 
sufficient amount of reaction gas is supplied to reaction interfaces. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The solid-state polyelectrolyte mold fuel cell which the above-mentioned catalyst bed 
contains a proton conductive material, and is characterized by the void content in the above- 
mentioned catalyst bed after junction being 65 to 90 capacity % in the fuel cell which joined the 
ion exchange membrane which is an electrolyte, and the gas diffusion electrode which has a 
catalyst bed at least. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a solid-state polyelectrolyte mold fuel cell 

(PEFC). 

[0002] 

[Description of the Prior Art] According to low-pollution nature and the description of being 
efficient, the fuel cell attracts attention. A fuel cell oxidizes fuels, such as hydrogen and a 
methanol, electrochemically using oxygen or air, and takes out the chemical energy of a fuel as 
electrical energy. It is classified into a phosphoric-acid mold, a melting carbonate mold, a solid 
acid ghost mold, etc. according to the class of electrolyte to be used. In this, PEFC has attracted 
attention from the description of low-temperature actuation nature and high power density 
especially in recent years. 

[0003] Draw ing 2 explains the basic structure of PEFC. As shown in this drawing, the cell proper 
is constituted by joining a gas diffusion electrode to the both sides of the solid-state 
polyelectrolyte film. The gas diffusion electrode has the layer (catalyst bed) with which the 
catalyst is supported at least, therefore a cell reaction is produced in the junction interface of the 
film and a catalyst bed. For example, when hydrogen gas is poured to an electrode 2, it is 2H2 - 
>4H++4e at a membranous junction interface. - A reaction arises. H+ It passes along the solid- 
state polyelectrolyte film 3, and is e to a counter electrode 1 again. - It moves to a counter 
electrode 1 through the circuit which tied the electrode and the electrode. Electrical energy is 
obtained at the same time the reaction of 02+4H++4e— >2H2 O will arise in the interface of the 
film and electrode inner contact intermediation and water will generate, if oxygen gas is passed 
to this electrode 1 . 

[0004] After it melts a proton conductive material to a solvent since electrode reaction arises in 
an interface, and applying to an electrode surface, join to an ion exchange membrane, or after 
mixing beforehand to electrode configuration carbon, electrode creation (JP,61-67787,A, 61- 
67788 official report) is carried out, or the thing work is earned out. The hot pressing to which 
** is applied is used heating junction of these electrodes and electrolyte membranes. However, 
the pore of the catalyst support part in a gas diffusion electrode (catalyst bed) is crushed by the 
hotpress actuation for junction, supply of reactant gas sufficient as a result becomes impossible, 
and there is a problem of producing the fall of an output. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention makes a reacting point supply reactant 

gas enough, and aims at raising the output engine performance greatly. 

[0006] 

[Means for Solving the Problem] As a result of considering wholeheartedly the junction to ion 
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exchange membrane and the gas diffusion electrode containing a catalyst bed, and the relation 
between the physical properties of a zygote, and output characteristics, this invention persons 
found out that the magnitude of the pore in the catalyst bed after junction was related to an 
output, and resulted in this invention. That is, in the fuel cell which joined the ion exchange 
membrane which is an electrolyte, and the gas diffusion electrode which has a catalyst bed at 
least, the above-mentioned catalyst bed contains a proton conductive material, and this invention 
is characterized by the void content in the above-mentioned catalyst bed after junction being 65 
to 90 capacity %. 

[0007] The ion exchange membrane used as an electrolyte in this invention makes a fluorine- 
containing giant molecule a frame, and has at least one sort chosen from a sulfonic group, a 
carboxyl group, a phosphoric-acid radical, and a phosphonic acid radical. For example, 
tetrafluoroethylene, trifluoro monochloro ethylene, Trifluoro ethylene, vinylidene fluoride, 1, 
and 1-difluoro - 2 and 2-dichloro ECHIEN, 1 and l-difluoro-2-chloroethylene, 
hexafluoropropylene, 1, 1, 1,3, and 3-pentafluoropropylene, an octafluoro isobutylene, one or 
more sorts of the 1st group monomer were chosen from what is expressed with the monomer of 
the 2nd group expressed with the following general formula (1) to the monomer of the 1st group 
of ethylene, a vinyl chloride, and alkyl vinyl ester, and a list as indispensable - two or more sorts 
are usually 2 thru/or three kinds of copolymers. 

Y-(CF2) a-(CFRf) b-(CFRf ') c-O- -{CF(CF2 X)-CF2-0} n-CF=CF2 .... (1) 
(Y is -S03 H, -COOH, -PO three H2, or -P03 H among a formula.) a is the integer of 0-6, b is 
the integer of 0-6, and c is 0 or 1. However, a+b+c does not become equal to 0. X is CI, Br, F, or 
those mixture at the time of n>=l. n is the integer of 0-6 and is Rf. And Rf ' is chosen from the 
group which consists of a fluoro chloro alkyl group which has the perfluoro-alkyl group and 1-10 
carbon atoms which have F, CI, and 1-10 carbon atoms independently. A proton conductive 
material is a fluorine-containing hydrocarbon which contains at least one sort preferably chosen 
from the sulfonic group, the carboxyl group, the phosphoric-acid radical, and the phosphonic 
acid radical that what is necessary is just the ingredient which **** a proton. 
[0008] For example, were chosen out of the monomer of said 1st group, and the monomer of said 
2nd group, copolymer [ of two kinds which make the 2nd group monomer an indispensable 
monomer, or three kinds or more of monomers ]; — 1 or more kinds of polymers; of the 
monomer of said 2nd group - it is the monomer of said 2nd group - Trifluoro methansulfonic 
acid, fluoro ethane, a sulfonic acid, trifluoro ethane sulfonic acid, a tetrafluoro propane sulfonic 
acid, a perfluoroalkyl (C4 - C12) sulfonic acid, 3-[fluoro alkyl () [ C6 ] - Cll oxine]-l -alkyl () [ 
C3 ] - C4 A sulfonic acid, 3- [omega- fluoro alkanoyl () [ C6 ] - C8 1 functionality fluorine- 
containing hydrocarbon sulfonic acids, such as a -N-ethylamino]-l -propane sulfonic acid; 
Bifunctional fluorine-containing hydrocarbon sulfonic-acids [, such as a difluoromethane 
disulfon acid and tetrafluoro ethane disulfonic acid, ] ; 1 functionality fluorine-containing 
hydrocarbon carboxylic-acid; fluorine-containing aromatic series sulfonic-acid derivative [, such 
as trifluoromethane benzenesulfonic acid, ]; - trifluoro - acids, a fluoro alkyl (C2 - C20) 
carboxylic acid, a perfluoroalkyl (C7 - CI 3) carboxylic acid, etc. bifunctional fluorine-containing 
hydrocarbon carboxylic-acids [, such as tetrafluoro ethane dicarboxylic acid, ]; — fluorine- 
containing hydrocarbon phosphonic acid [, such as difluoromethane dicarboxylic acid, ]; - 
thiosulfonic acid; - fluoro sulfone imide [, such as trifluoromethane sulfone imide, ]; - It is a 
mono-perfluoroalkyl (C6 - CI 6) phosphoric acid etc., and these are used by independence or two 
or more kinds of mixing. 

[0009] The molecular weight is 5000 or more preferably that what is necessary is just to have 
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combined the polymer more than monomer dyad. ****** to the electric conduction material of a 
catalyst bed becomes good, and the one where molecular weight is larger is more desirable in 
respect of endurance. It can dissolve in water-soluble media, such as mixture of the above- 
mentioned solvent group and water, and these can be used for cyclic ether, such as polar 
solvents, such as alcohols [, such as a methanol, ethanol, propanol, and a butanol, ], N, and N- 
dimethylacetamide, N, and N'-dimethylformamide, dimethyl sulfoxide, and a sulfolane, and a 
tetrahydrofuran, and two or more kinds of mixture chosen from the above-mentioned solvent 
group, and a pan. 

[0010] The gas diffusion electrode of this invention has the porous catalyst bed which uses as an 
indispensable structure the electric conduction material which supported the particle of a catalyst 
metal at least, and may also contain water repellent and a binder if needed. It can choose from 
lead, iron, manganese, cobalt, chromium, a gallium, vanadium, a tungsten, a ruthenium, iridium, 
palladium, rhodiums, or those alloys that what is necessary is just what has a catalysis for 
oxidation reaction of hydrogen, or the reduction reaction of oxygen as a catalyst metal. Catalyst 
particle size has 10 to good 300A, and it is 15A to 100A preferably. If the thing with a catalyst 
particle size of less than 10A is difficult to create and actually larger than 300A on the other 
hand, the catalyst engine performance will fall. 

[001 1] Support of the catalyst to electric conduction material may be supported to powdered 
carbon, and may be supported after catalyst bed shaping. The amount of catalyst support is 0.01 - 
10 mg/cm2 after electrode shaping, and is 0.1 - 0.5 mg/cm2 preferably. The engine performance 
falls [ a catalyst ] less than [ 0.0 lmg //cm ] by two, and, on the other hand, the cost by the 
catalyst is larger than 10 mg/cm2 in size. The electric conduction material which constitutes a 
catalyst bed has various metals, a carbon ingredient, etc. that what is necessary is just the 
electronic conductive matter, there are carbon black, such as furnace black, channel black, and 
acetylene black, activated carbon, a graphite, etc., for example, and independent as a carbon 
ingredient, — or it can be mixed and used. The water repellent used if needed has [ that what is 
necessary is just to have water repellence ] desirable fluorination carbon etc. Various resin etc. is 
used that the binder used if needed should just have the binding property. Generally the Teflon 
system compound which serves both as water repellent and a binder is used in these, the melting 
point is [ the object 400 degrees C or less ] preferably suitable, and there are a 
polytetrafluoroethylene and tetrafluoroethylene-perfluoroalkyl vinyl ether copolymer, a 
tetrafluoroethylene-hexafluoropropylene copolymer, etc. more preferably. 
[0012] After mixing a proton conductive material with a solution or powder to electrode raw 
material powder, you may fabricate as a catalyst bed, and you may sink in a proton conductive 
material solution from the side which is supporting the catalyst of an electrode after electrode 
shaping. Moreover, the electrode may consist only of the catalyst bed containing the electric 
conduction material which supported the catalyst, and the laminating of this catalyst bed and the 
electric conduction material layer which does not support a catalyst is sufficient as it. 
Furthermore, you may use it as a composite of this electrode and the cross using electric 
conduction material. 

[0013] Junction of the film and a gas diffusion electrode is earned out using the equipment 
which can be warmed and pressurized. There is no specific equipment and, generally a hotpress 
machine, a roll press machine, etc. are used. Press temperature is 120 degrees C to 250 degrees C 
preferably that what is necessary is just more than the glass transition temperature of the used 
electrolyte membrane, the hardness of the gas diffusion electrode (catalyst bed) which uses a 
press pressure - depending — about 5kg/cm2 from — 200kg/cm2 it is - desirable — 20kg/cm2 
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from — 100kg/cm2 it is . 5kg/cm2 By the small pressure, adhesion of the film and an electrode 
becomes inadequate, and, on the other hand, it is 200kg/cm2. Reduction of the hole in a catalyst 
bed is above large. Effectiveness is large when a spacer thinner than the thickness of an electrode 
is put in at the time of a hotpress. Moreover, it is also good under coexistence of water to carry 
out the hotpress of the electrolyte membrane, where humidity is carried out. The void content of 
the joined catalyst bed is 65 to 90 capacity %, and is the thing of 70 to 80 capacity % more 
preferably. If smaller than void content 65 capacity %, supplying [ of material gas ] will become 
inadequate, and on the other hand, the absolute magnitude of the reacting point which supported 
the catalyst with size decreases, and it becomes the cause of performance degradation from 90 
capacity %. 

[0014] It is the three-phase zone of a liquid(water), a solid-state (an electron and proton), and a 
gas (hydrogen gas or oxygen gas) which electrochemical reaction produces as mentioned above, 
and a gas and a liquid are discharged by the reacting point from migration or a reacting point 
through the hole in an electrode in this. Therefore, the amount and configuration of a hole in an 
electrode are important, and **** of the layer (catalyst bed) in which a catalyst exists especially 
affects the engine performance most. With structures of a gas diffusion electrode, hardness 
(holding power of a hole) changes respectively. Therefore, even if the junction condition is the 
same, the amount of catalyst bed inner holes obtained completely changes with electrodes. It is 
the way of thinking linking directly to the generation-of-electrical-energy mechanism of a fuel 
cell to use the gas diffusion electrode which controlled the amount of catalyst bed inner holes in 
the condition of using it as a fuel cell, and it contributes to the improvement in the engine 
performance greatly. 
[0015] 
[Example] 
[0016] 

[Example 1] The gas diffusion electrode (U.S. E-TEK Inc. company make) used by this example 
consisted of a catalyst bed and the carbon fiber textile-fabrics section, only a hole with a 
diameter of 10 micrometers or less has that a catalyst bed occupies 52 % of the weight and a 
catalyst bed, and the carbon fiber layer checked having only the bigger hole than it by 
measurement by the method-of-mercury-penetration porosimeter pore sizer 9320 (Shimadzu 
Make). 

[0017] Area is 2 10cm. 0.38 mg/cm2 of a gas diffusion electrode (U.S. E-TEK Inc. company 
make) and the amount of platinum support Six sheets were prepared and reduced pressure drying 
of the Nafion solution (product made from U.S. Aldrich) of concentration was carried out to the 
electrode surface at 70 degrees C after 0.162ml spreading 5% of the weight for 2 hours. When 
the after [ desiccation ] gravimetry was carried out, the Nafion coverage was 0.6 mg/cm2. The 
Teflon sheet containing a glass fiber with a thickness of 270 micrometers which sandwiched the 
ASHIPU REXX film (trademark Asahi Chemical Industry Co., Ltd. make) with a thickness of 
120 micrometers, and made the hole in the magnitude of an electrode in addition by two sheets 
of the obtained electrode is used for membranous both sides as a spacer, and it is 30kg/cm2. 140 
degrees C was pressed for 90 seconds by the pressure. The zygote of a total of two sheets was 
created by the same approach. When the electrode which is not joined and the electrode after 
junction were measured by the method-of-mercury-penetration porosimeter pore sizer 9320 
(Shimadzu Make), they were 77% of catalyst bed void contents before junction, and 74% of 
catalyst bed void contents after junction. The evaluation equipment shown in drawing 3 
performed output evaluation using this zygote. It is eel temperature 90 degree-C pressure 3atm. 
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limiting current density — 2.3 A/cm2 it was . 
[0018] 

[Example 2] The gas diffusion electrode which applied the Nafion solution of the same 
concentration as an example 1 was prepared four sheets. The ASHIPU REXX film is inserted 
with the electrode of two sheets, and it is 20kg/cm2 as it is. The hotpress of the 140 degrees C 
was carried out for 90 seconds by the pressure. The zygote of a total of two sheets was created 
similarly. It was 73% when the void content in a catalyst bed of the zygote of one sheet was 
measured. The evaluation equipment of dra win g 3 performed output evaluation using other one 
sheet, limiting current density — 2.1 A/cm2 it was . 
[0019] 

[The example 1 of a comparison] The electrode which applied the same Nafion solution as 
examples 1 and 2 was prepared four sheets. The ASHIPU REXX film is inserted with the 
electrode of two sheets, and it is 80kg/cm2 as it is. The hotpress of the 140 degrees C was carried 
out for 90 seconds by the pressure. The zygote of a total of two sheets was created similarly. It 
was 60% when the void content in a catalyst bed of the zygote of one sheet was measured, the 
place which performed output evaluation with the evaluation equipment of dray ing 3 using other 
one sheet — limiting current density — 1.5 A/cm2 it was . 

[0020] The limiting current density of the void content in a catalyst bed of the zygote in 
examples 1 and 2 and the example 1 of a comparison and an evaluation result was summarized in 
Table 1, output characteristics were summarized to drawing I , and it was shown. 
[0021] 

[Table 1] 



w 




(A/cm 2 ) 








mmm 1 


77 


74 


3.9 


2.3 




77 


73 


5.2 


2. 1 


mm 


77 


60 


16.9 


1.5 



[0022] 

[Effect of the Invention] As explained above, in the fuel cell of this invention, supply of the 
reactant gas to a reaction interface is performed enough, there is no rapid reduction of output 
voltage as the result, and the effectiveness that the engine performance improves sharply is done 
so. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing I f It is the graphical representation showing the relation between the output voltage in 
examples 1-2 and the example 1 of a comparison, and current density. 

[Drawing 21 It is the explanatory view of the zygote of a solid-state polyelectrolyte mold fuel 
cell. 

[Drawing 31 It is the evaluation equipment description-of-drawing Fig. of a zygote. 

[Description of Notations] 

1: The gas diffusion electrode of an oxygen pole 

2: Hydrogen pole gas diffusion electrode 

3: Solid-state polyelectrolyte film 

4: Fuel cell eel 

5: Humidifier 

6: Pure water 



[Translation done.] 



